As part of the effort to establish an archeointensity variation curve for Mesoamerica, 13 archeologically wellidentified pottery samples belonging to the Ocozocoautla site (Chiapas) were studied. Analyzed samples consist of 'ofrenda type' pottery fragments found in several caves. Three archeological intervals are involved: 450-100 B.C., 200-550 A.D. and 550-900 A.D. The Thellier method in its modified form was applied to small fragments previously embedded in salt pellets. Raw intensity values were further corrected for cooling rate effects. The common time-consuming TRM anisotropy correction protocol was substituted by an alternative approach during the paleointensity experiments. Forty-two specimens, belonging to six samples, yielded highquality Thellier determinations. The NRM fraction f used for paleointensity determination ranges between 0.42 to 0.99, and the quality factor q (Coe et al., 1978) varies from 4 to 59, being normally greater than 5. These results correspond to data of good quality. The mean archeointensity values per pottery fragments range from 14.6±1.5 to 59.5±13.8 µT, while the corresponding virtual axial dipole moments range from 2.5±0.3 to 10.0±2.4 × 10 22 A m 2 . These new data, although not numerous, are of high quality and definitively contribute to the Mesoamerican, still insipient, archeointensity database.
Introduction
Systematic geomagnetic field measurements in Mexico began at the end of the 17th century at Teoloyucan geomagnetic observatory-a member of the Intermagnet worldwide network (http://132.248.6.186/). The evolution of the geomagnetic field prior to times of direct instrumental measurement is studied by analyzing remanent magnetization of archeological material, lava flows and lake sediments.
Archeomagnetic research was initiated in France in the 1930s with the pioneering work of E. Thellier (see Chauvin et al., 2000) . Nowadays, a relatively high number of archeomagnetic determinations have been accumulated. However, their geographic distribution is still highly uneven since most investigations are concentrated in Europe , see also Fig. 1) .
Mexico, as whole Mesoamerica, may still be considered as terra incognita from the archeomagnetic point of view. With the exception of studies of recent volcanoes (Nagata Copyright c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB.
et al., 1965; Bucha et al., 1970; Lee, 1975; Aitken et al., 1991; Gonzalez et al., 1997; Böhnel et al., 1997; Morales et al., 2001; Böhnel et al., 2003; Morales et al., 2006) , no serious attempts have been undertaken to study the rich cultural heritage of the region. The study reported here presents the first archeointensity survey from Mesoamerica and is part of the effort to establish an archeointensity variation curve for the region. We present here results of six (out of 13 analyzed) archeologically well controlled fragments from the Ocozocoautla archeological site (Chiapas, southern Mexico). Samples consist of 'ofrenda-type' potteries fragments found in several caves. Three archeological intervals are involved: 450-100 B.C., 200-550 A.D. and 550-900 A.D.
The mean archeointensity values per pottery fragments range from 14.6±1.7 to 59.5±13.8 µT, while the corresponding virtual axial dipole moments (VADMs) range from 2.5±0.3 to 10.0±2.4 × 10 22 A m 2 . The low value here presented correlates in time with those reported by Bucha et al. (1970) , for which a low average intensity for Mexico at about 600 A.D. was suggested. These data, although limited in number, are new and of high quality, and they contribute to the local archeointensity database.
Attempts to date the studied ceramics by means of global field curves (McElhinny and Senanayake, 1982; Yang et al., 2000) revealed that these curves were of little use for Lee (1974) . 3 Agrinier (1975) . Worldwide archeointensity data distribution and corresponding concentration, modified from this propose, emphasizing the great need for a regional archeointensity reference curve.
Study Area and Archeological Context
The study area is located within the Grijalva-Usumacinta hydrological system, in the close vicinity of a small town (Ocozocoautla), 25 km to the west of Tuxtla Gutierrez (capital of Chiapas State) (Fig. 2) .
Although Chiapas ceramics have been studied since the 19th century, these investigations are still very scarce (Culbert, 1965) . Among the early works, those reported by Schumann (1936) and Weiant (1943) deserve a special mention. Later, Shook (1956) and Adams (1959) described few sites in central Chiapas (namely along the Pan-American Highway) belonging to the Pre-Classic (1600 B.C.-100 B.C.) and Protoclassic periods (100 B.C.-200 A.D.). Culbert (1965) provided a first analytical description of ceramics found in the Chiapas highland making evident a regional differentiation between the Classic (200-900 A.D.) and Post-Classic periods (900-1521 A.D.). Special efforts were paid to the Chiapa de Corzo archeological complexes (Fig. 2) , which constitute at least 200 structures disposed around 'patios' or squares. The age interval from 1600 to 1450 B.C. is considered to provide the first evidence of the ceramic production in the region . This period is characterized by small agricultural villages and an early stage of ceramic production-a common feature of both Chiapas and Guatemala. Large spherical narrow-mouth 'tecomates' and some primitive vessels are the most common vestiges. Between approximately 1150 and 450 B.C., Chiapa de Corzo and Mirador became the largest ceremonial centers in the Depresión Central region (Agrinier, 1975) . The increase in inhabitants is manifested by the presence of numerous platforms and terraces with public architecture. The privileged geographical situation in terms of proximity to the Grijalva and La Venta rivers allowed the inhabitants to control the sailing and the road traffic. In the Late Pre-classic (450 B.C.-100 B.C.) period, the cultural exchange was enlarged with the current states of Tabasco, Veracruz and Oaxaca and probably also with Campeche, Yucatan and the Péten area (Dixon, 1959) . Generally speaking, this region seems to represent a local ceramic tradition, but one also related to a series of similar traditions in southern Mexico.
The samples analyzed in our study come from five archaeological sites located in the region of Ocozocoautla ( Table 1 , see also Fig. 2 ). Three of these sites (Cueva Escondida, Petapa and El Retazo) are humid caves in which ceramic offerings have been found in their interior (Fig. 3) . Sima del Tigre is a cenote-like formation, typical of the karstic regions of southern Mexico, but without the presence of an underground river in its interior; there, domestic ceramic remains are associated with rock art and no other archaeological feature. El Panal is an open site that includes archaeological remains associated to a small domestic mound.
All of the ceramic samples were recovered during the surface survey season in autumn 2005, and their age was estimated by typological comparison with other ceramics in the area. It is necessary to point out that reliable ceramic chronological markers exist in the region Bryant et al., 2005) , and they allow us to assign each sample to its corresponding period with relative confidence. Radiocarbon dates associated to similar ceramic types have also been obtained in the region (Table 2).
Experimental Procedure

Remanence properties
In order to retrieve the magnetic history experienced by the samples after their elaboration and to check their magnetic stability, a thermal treatment (up to 600
• C, using an ASC Thermal Demagnetizer) was applied to pilot samples of each potsherd groups. Measurements of remanent magnetization were carried out using a JR6 spinner magnetometer. These experiments revealed the presence of more than one magnetic component in some samples, suggesting possible post-heatings of the artifacts or the acquisition of viscous remanent magnetizations (Fig. 4(a) ). Six out of 13 samples show an essentially single magnetic component pointing through the origin (Fig. 4(b) ). The median destructive field ranges from 20 to 40 mT, suggesting a small pseudo-single domain structure of magnetic carries (Dunlop andÖzdemir, 1997).
Susceptibility vs. temperature experiments
Continuous low-field susceptibility vs. temperature curves in air were carried out on all 13 pottery fragments in order to estimate the magnetic mineralogy and thermal stability. For this purpose, a home-made automated 'High Moore' susceptibility bridge was employed using a controlled heating-cooling rate of 20
• C/min. The measurements were performed on a separated magnetic fraction of the samples due to the extremely low signal of bulk samples. Generally speaking, the studied samples yield simple magnetic mineralogy. Ti-poor titanomagnetites seem to be the principal magnetic carriers (Fig. 5 ). Heating and cool- ing paths are reasonably reversible, which indicate to relatively high thermomagnetic stability and, therefore, that the samples are potentially suitable for archeointensity determinations using Thellier double heating method.
Hysteresis curves
Attempts to estimate the domain state and/or mineralogical composition of archeological samples by means of hysteresis parameters seems to be even more difficult than in rocks or synthetic samples (e.g., Aitken et al., 1991; Chauvin et al., 2000; Genevey and Gallet, 2002) . This difficulty is basically due to the nature of the primary material (mud/clay) used for the elaboration of archeological artifacts. Consequently, a selection criterion of 'potentially suitable' samples for archeointensity studies was based principally on AF/thermal demagnetization treatment and continuous thermomagnetic curves. Nonetheless, hysteresis and IRM measurements were done on all 13 samples using an AGFM 'Micromag' apparatus with fields up to 1.2 Tesla. Saturation remanent magnetization (J rs ), saturation magnetization (J s ) and coercitive force (H c ) were calculated after correction for the paramagnetic contribution. Coercivity of remanence (H cr ) was determined by applying a progressively increasing backfield after saturation. Representative hysteresis and IRM curves at are shown in Fig. 6 . Hysteresis curves are symmetrical in all cases, and there are no clear potbellied or wasp-waisted behaviors (Tauxe et al., 1996) , probably indicates restricted ranges of opaque mineral coercivities. Corresponding isothermal remanence (IRM) acquisition curves seem to be very similar for all samples. Saturation is reached in moderate fields of the order of 150-200 mT, which points to some spinels as remanence carriers.
Archeointensity Determination
Six out of thirteen potteries showing no evidence of strong secondary overprints according to thermal demagnetization and yielding reasonably reversible thermomagnetic curves were selected for archeointensity (AI) experiments. Each fragment was further divided in at least seven specimens and then 'packed' into ultra pure salt (NaCl) pellets in order to treat them as standard paleomagnetic cores. In total, we obtained 42 specimens. Magnetization per unit volume of 'blank' pellets ranges on the order of 10 −5 A/m, whereas magnetization of typical archaeomagnetic cores to 10 −1 A/m. The AI experiments were performed following the Thellier method (Thellier and Thellier, 1959) in its modified form (Coe, 1967) . Twelve increasing temperature steps were distributed through the whole temperature spectrum during the AI experiments. The pTRM checks were performed at every two steps.
Cooling Rate and Anisotropy Correction
Cooling rate dependence of TRM was investigated following a modified procedure described in Chauvin et al. (2000) . TRM gained during last step of the Thellier experiment (575
• C) was subsequently designated as TRM 1 . At the same temperature, a new full TRM (TRM 2 ) was given to all samples but this time using a long cooling time (∼10 h). Finally, a third TRM (TRM 3 ) was created using the same cooling time (of about 45 min) as that used to create TRM 1 . The effect of cooling rate upon TRM intensity was estimated by calculating the percentage variation between the intensity acquired during a short and a long cooling time (TRM 1 and TRM 2 ). Changes in TRM acquisition capacity were estimated by means of the percentage variation between the intensity acquired during same cooling time (TRM 1 and TRM 3 ). Cooling rate correction was applied only when the corresponding change in TRM acquisition capacity was below 15%.
TRM anisotropy corrections can be implemented in different ways (e.g. McCabe et al., 1985; Selkin et al., 2000; Chauvin et al., 2000 , among others). It essentially requires the creation of a TRM along six mutually perpendicular directions (+X , +Y , +Z , −X , −Y , −Z ) by cooling them from 600
• C to room temperature in a known magnetic field. This involves six additional heatings, which may significantly alter the magnetic mineralogy of the samples. To circumvent this time-consuming procedure, individual specimens (belonging to the same fragment) were embedded into the salt pellet in the six above-described positions. In this way, possible bias due to TRM anisotropy effects would be canceled, as attested by the results of our various previous test experiments. Numerous ceramic fragments broken into six pieces were thermally demagnetized for this purpose. Sister samples were later embedded into salt pellets and aligned along one of the above-described positions taking as a reference the flattening plane of the ceramic fragment. Specimens elaborated in such a way were remagnetized by applying a constant magnetic field along the Z -axis of the pellet and were later measured. In general, specimens oriented parallel to the easy plane of magnetization (flattening plane) yielded relatively higher intensities than those oriented perpendicular to it, with differences lower than 10%. We then carried out a pseudo Thellier-Coe experiment with these specimens. Averaged 'ancient' intensities reproduced the laboratory field used to remagnetize the specimens within 2%.
Main Results and Discussion
Archeointensity results are summarized in Table 3 , and representative Arai plots are shown in Fig. 7 . These data Fig. 4 applies for Zijderveld diagrams). Fig. 8 . Archeointensity data for Mexico modified from . Crossed line represents model prediction from CALS7K.2 .
were gathered according to strict-nowadays commonly used-individual determinations acceptance criteria: (1) At least five NRM-TRM points (9 on average) are used for archeointensity determination; (2) Fraction ( f ) of the NRM used for calculation (see in Coe et al., 1978) is greater than 0.3 (0.6 on average); (3) Coe's quality factor 'q' ranges from 6 up to 30; (4) positive pTRM checks. Cooling rate corrected values are 16% lower than corre-sponding raw intensities in most cases, and scatter in mean value is systematically reduced by the application of the CR correction. However, an increase of up to 24% (on average) in TRM intensity was detected for one case (sample PCTA02). TRM anisotropy effects are assumed to be small since scatter in the mean value (small standard deviation of the mean) is within 10%, in accordance with previous test experiments. The only exception is sample PCTA02. In general, the studied samples yield low within-fragment dispersion, thereby supporting the above assumption, and mean archeointensity values are rather accurately determined.
However, two samples belonging to 'Cueva Petapa' (PCTA002 and PCTA003), both assigned to the same chronological context, yielded significantly different intensity values (59.5 and 14.6 µT, respectively). We interpret these results as evidence of a mixing of potteries with very distinct ages. No alternative evidence could be found to explain this difference between archeointensity values since the remanence as well as rock magnetic properties of both samples seem to be quite similar.
Mean archeointensity values per pottery fragments range from 14.6±1.7 to 59.5±13.8 µT while corresponding VADMs range from 2.5±0.3 to 10.0±2.4 × 10 22 A m 2 . These new data, although not numerous, are of high quality and definitively contribute to the Mesoamerican, still insipient, archeointensity database. Mean archeointensities obtained here (except for one ceramic fragment) closely follow the trend of existing archeointensity results for the region (Fig. 8) . It should be noted that most data complied by for the first millennium correspond to determinations made in the early 1960s and 1970s (Nagata et al., 1965; Bucha et al., 1970; Lee, 1975) . Thus, no cooling rate or anisotropy corrections were applied.
Comparison of old and new data against the prediction of model CALS7K for the past 7 millennia reveals a markedly offset downwards, especially for the past 5 millennia. As we already mentioned above, there is no alternative credible reason to try to explain the very different AI values for samples belonging to the Cueva Petapa. Data of Bucha et al. (1970) suggest, however, a low average intensity for Mexico at about 600 A.D., and also a relatively fast transition from approximately 200 A.D. to 600 A.D., with intensity varying from almost twice the present value to somewhat lower than the present one, which is in agreement with Nagata's data (Nagata et al., 1965) . These facts may support the possibility of a mixing of pottery fragments.
An attempt to date the studied ceramics by means of reported global field curves (McElhinny and Senanayake, 1982; Yang et al., 2000) failed, probably due to their low resolution. Relatively better approximation may be obtained by using local field curves for North and South America (Bowles et al., 2002) where a fast transition for the first millennium is also observed.
We conclude that Mesoamerican potteries from Chiapas show a great usefulness for archeointensity studies. The archeointensity determinations obtained here represent the first high-quality data for the region since cooling rate and anisotropy corrections are applied. While geomagnetic field models are an excellent way to model the behavior of the Earth's magnetic field on a large scale, they do not have the enough accuracy for dating an archeological structure (Zanarini et al., 2007) , which emphasizes the strong need for a regional archeointensity reference curve.
